Strict monitoring and control of selenium concentrations in freshwater supplies is critical to safeguarding human health and aquatic life. A handful of previously investigated sorbents exhibit noteworthy gravimetric (mg g -1 ) Se uptake capacities; however, often display insufficient volumetric (mg cm -3 ) capacities, thereby requiring large volumes of material for commercial implementation. In pursuit of mitigating this material inefficiency, we investigated the selenite (SeO 3 2-) and selenate (SeO 4 2-) affinity of MOF-808, a Zr-based metal-organic framework with a high density of potential Se oxyanion binding sites. MOF-808 recorded exceptional volumetric and gravimetric Se oxyanion uptake capacities of 133 mg g -1 (127 mg cm -3 ) and 118 mg g -1 (112 mg cm -3 ) for aqueous selenite and selenate, respectively. Single-crystal X-ray diffraction studies revealed that selenite and selenate can bind at the MOF node via two distinct binding motifs, an η 2 μ 2 motif in which the oxyanion coordinates to two different metal atoms in a single node, and a μ 2 motif in which the oxyanion interacts with only a single metal atom. Furthermore, powder X-ray diffraction (PXRD) patterns and N 2 adsorption/desorption isotherms confirm the retention of bulk crystallinity and porosity after the uptake of Se oxyanions.
General Experimental. MOF-808 was prepared solvothermally. In a typical procedure, zirconyl chloride octahydrate (282 mg, 0.875 mmol) and trimesic acid (216 mg, 1.029 mmol) were dissolved in a solution of DMF (40 mL) and formic acid (40 mL) and allowed to react for 48 h in an oven preheated to 120 ºC. The MOF crystals were then washed 3 times with DMF (40 mL) and 3 times with acetone (40 mL). The MOF was soaked overnight in acetone and then dried in an 80 ºC vacuum oven for 2 h. At this point the MOF was soaked in dilute hydrochloric acid (0.1 M, 40 mL) overnight. The MOF was washed 3 times with water (40 mL) and 3 times with acetone (40 mL). Again, the MOF was soaked in acetone (40 mL) overnight before drying in the vacuum oven for 2 h. All native MOF samples were thermally activated under ultra-high vacuum at 120 ºC for 18 h on a Micromeritics Smart VacPrep. Selenium loaded samples were activated using the same technique, but at 80 ºC. Nitrogen adsorption and desorption isotherm measurements were performed on a Micromeritics Tristar II at 77K. Powder X-ray diffraction measurements were collected on a STOE STADI MP equipped with Kα1 source and a 1D strip detector over a range of 2° < 2θ < 45°. ICP-OES data were obtained using a Thermo iCAP 7600 ICP Spectrometer. ICP-OES standards (0.5 -20 ppm) were prepared via serial dilution in 2% nitric acid. All uptake experiments were performed in triplicate at a minimum.
Single-Crystal X-Ray Crystallography. Single-crystal X-ray diffraction measurements were performed on a Bruker Kappa APEX II CCD equipped with a Cu Kα (λ = 1.54178 Å) microsource with MX optics. Single crystals of MOF-808(Hf) were immersed in an aqueous sodium selenite or sodium selenate solution (0.1 M) at room temperature for 24 h. A single crystal was mounted on MicroMesh (MiTeGen) with paratone oil. The structure was solved by direct methods (SHELXT-2014/5) 1 and refined by full-matrix least-squares refinement on F 2 (SHELXL-2014/7) 2 using the Yadokari-XG software package. 3 The disordered noncoordinated solvents were removed using the PLATON SQUEEZE program. 4 The selenium site occupancies were determined by structural refinement, and the total selenium content agrees well with data obtained from ICP-OES analysis of digested selenite-and selenate-loaded MOF samples. Refinement results are summarized in Supporting Information Table S1 and Maximum Uptake Per Node. Initial selenite and selenate uptake experiments were performed by exposing 5 mg (3.8 10 -6 mol) of MOF-808 to 10 mL of an aqueous sodium selenite or sodium selenate solution in × a 15 mL polypropylene centrifuge tube. Selenite and selenate solutions with Se concentrations of 61, 91, 121, 151, 182, and 212 ppm corresponding to 2 -7 ions per MOF node (Zr 6 -cluster) were used. Solutions were centrifuged for 3 min to allow the MOF to settle. A 0.5 mL aliquot of the supernatant was removed after 1 h, 3 h, and 24 h of exposure, and diluted to 7 mL in 2% nitric acid. The concentration of Se, Zr, and Na in each sample was determined by ICP-OES. These concentrations were compared to the concentrations of an identical analyte solution without MOF to determine the amount of selenium captured per node.
Maximum Uptake Capacity. The maximum amount of selenite and selenate adsorbed per gram of MOF-808 was determined by exposing 5 mg (3.8 10 -6 mol) of MOF to 10 mL of an aqueous sodium selenite × or sodium selenate solution in a 15 mL polypropylene centrifuge tube. Solutions with selenium concentrations of 15, 30, 45, 61, and 76 ppm corresponding to 0.5, 1.0, 1.5, 2.0, and 2.5 selenite or selenate ions per MOF node were used. Each sample was centrifuged for 3 min to allow the MOF to settle. A 0.5 mL aliquot of the supernatant was removed at 5, 10, 15, 30, 60, 90, 120, and 180 min and diluted to 7 mL in 2% nitric acid. The concentration of Se, Zr, and Na in each solution was determined by ICP-OES. These were compared to the concentrations of identical analyte solutions without MOF to determine the amount of selenium adsorbed q in mg/g of MOF-808 where , where initial concentration
volume of solution exposed to MOF-808 (L), and mass = = = of MOF-808 (g). The volumetric uptake capacity of MOF-808 for selenium in the form of selenite and selenate was easily calculated by considering the framework density. Figure S1 . NU-1000 is comprised of a) Zr 6 -nodes like MOF-808 and b) tetratopic H 4 TBAPy linkers which assemble into the csq-topology with ~ 30 Å hexagonal 1D channels and ~ 10 Å triangular pores. The green, black, red, and white spheres represent zirconium, carbon, oxygen, and hydrogen atoms, respectively. Figure S2 . The Type I, linear Langmuir plot of C e /q e versus C e for selenite capture in MOF-808 at various equilibrium concentrations according to eq 1 reproduced below, in Table S5 , for convenience. Figure S3 . The Type I, linear Langmuir plot of C e /q e versus C e for selenate capture in MOF-808 at various equilibrium concentrations according to equation 1 reproduced below, in Table S5 , for convenience. Table S5 . The selenite and selenate uptake isotherms (Figure 2 ) and the Langmuir equation
where C e is the equilibrium concentration (mg/L), q e is the equilibrium uptake (mg/g), Q is maximum uptake capacity (mg/g), and K L is the Langmuir constant (L/mg) were employed to determine the maximum selenium uptake capacity of MOF-808 in the form of selenite or selenate as summarized below. 2-ions per node, and f) the EDS linescan of the crystal in e. Both EDS linescans confirm the uniform distribution of selenium throughout the MOF-808 crystals.
